Eight taxa of Lauraceae representing four genera were subjected to the present study. The micro-morphological and chemical investigation were carried out according to traditional methods. The objective of the present study is to find criteria to facilitate the delimitation and identification of the taxa under investigation. The obtained leaf micro-characters were considered diagnostic at the generic and specific level. The extracted chemical compounds from the taxa under investigation ranged from 41-61. Most of tested oils showed antibacterial activity toward six bacteria strains. The most potent antibacterial oils were from Cinnamomum glanduliferum and C. verum. The antibacterial activity was due to oxygenated and non-oxygenated monoterpenes (α-pinene, β-pineneandcineole). The antibacterial activity of Apollonias barbujana is due to (α-phellandrene rather than cineole). The obtained data from an anatomical and chemical point of view can be considered diagnostic at the infraspecific level, but only to a certain extent.
Introduction
The Lauraceae is one of the great economic and viable families of flowering plants .It contains about 2850 known species in 45 genera worldwide (Christenhusz and Byng, 2016) , and is the most diverse family in the order Laurales. The family has two main centers of diversity, mostly in the tropical forests of Southeast Asia and South America,in addition to some disjuct genera as Laurus nobilis in the Mediterranean region, or in Macaronesia as Laurus azorica Franco, Ocoteafoetens (William Aiton) Baill. Perseaindica (L.) Spreng. and Apolloniasbarbujana (Cav.) Bornm. The family contains both aromatic evergreens and deciduous shrubs and trees. In Lauraceae, oil cells containing oil drops are known as the primary site of essential oil biosynthesis, secretion and storage (Fahn, 1988) . Oil cells are commonly present in roots,stem and fruit as well as leaves of the lauraceae (Metcalfe and Chalk, 1983; Baas and Gregory, 1985; Qinggang and Zhenghai, 1998) . Most leaves of Lauraceae are simple, exstipulate and arranged alternately or whorled, with many ethereal oil cavities, causing many species to be aromatic and fragrant. Most also have ethereal secretory cells in their wood and bark (Rendle, 1952) . The combination of macro and micro morphological investigation of leaf may well be supportive in taxonomic identification of some species in the family (Ceolin et al., 2009) . Also, Faggetter, (1987) ; Moraes and Paoli (1999) reported that micromorphology of leaf epidermis are important in taxonomy of Lauraceae. The lamina is dorsiventral or bifacial, accordingly palisade developed more strongly than the adaxial. The mesophyll usually constitute specialized diagnostic feature of the family known as spherical ethereal secretors cells or that synthesize and store oil and mucilage substance (Metcalfe and Chalk, 1983) . Secretory cells usually spherical with suberized wall and yellowish content; commonly giving rise to transparent dot in the leaf located in palisade and spongy and seldom in the lower epidermis as well (Metcalfe and Chalk, 1950) . Minor leaf veins without phloem transfer cells are recorded in Cinnamomum , Laurus and Persea (Watson and Dallwitz, 1992) . The presence of secretory cells were found to be a marked anatomical feature of leaves in most of the species in Lauraceae (Chu and Hu, 1999) . This is confirmed by investigation of the distribution density of oil cells, the morphology and structure of both oil and mucilage cells, and their localization in the mesophyll of 112 species, 5 varieties and 2 forms in 21 genera of lauraceae. Phytochemicals in Lauraceae are numerous and diverse. Lauraceae trees are essential oil rich species (Gottlieb and Magalhães, 1960; Morais, 1972) viz. terpenoids, benzyl benzoates, allylphenols, and propenylphenols. Lignans and neolignans. Essential oils are composed of biologically active compounds (Milhau et al., 1997) and possess antibacterial, antifungal, antiviral, insecticidal and antioxidant properties (Burt, 2004; Kordali et al., 2005) . The oil has shown various therapeutic actions (Lawless, 2013) . Antimicrobial and antioxidanteffects are confirmed (Baratta et al., 1998) . The composition of the essential oil of different Cinnamomum species has been widely investigated. To cite but a few we can refer to (Jantan and Goh, 1990; Jantan and Goh, 1992; Jantan et al., 2003; Rana et al., 2009; Abdelwahab et al., 2010; Geng et al., 2011) . The oils were found to contain cinnamaldehyde, linalool, camphor, terpinen-4-ol and 1, 8-cineole, eugenol, safrole, cmuurolene, acadinol, germacrene D, aterpineol, a-cadiene, 1, 6-octadien-3-ol,3,7-dimethyl and 1-phenyl-propanr-2, 2-diol diethanoate as major compounds (Jantan and Goh, 1990; Jantan and Goh, 1992; Jantan et al., 2005; Abdelwahab et al., 2010) . In Egypt, cultivated Lauraceae are Apollonias barbujana, Cinnamomum camphora, C. glanduliferum, C. verum, Laurus azorica, L. nobilis, Persea americana var. armericana and P. americana var. drymifolia (Kamel and Loutfy, 2001) . All are reported to have antibacterial activity (Derwish et al. 2009 , Trajano et al. 2010 , Su et al. 2012 , Cosoveanu et al. 2013 , Singh et al.., 2013 , Boadi et al. 2015 . The aim of the present study is to examine the lamina micro characters and show how they can contribute to a certain extent, in the delimitation or identification between the taxa underinvestigation, as well as apreliminary survey on the chemicalcomposition of the essential oils to evaluate the inhibitory potentialof the essential oils against some pathogenic Gram positive and negative bacteria.
Material and Methods
Eight lauraceous taxa were collected from the Botanical Gardens of Ain Shams University (ASU) and Orman Botanical Garden (Egypt). The examined taxa representing four genera viz. Apollonias, Cinnamomum, Laurus and Persea including seven species, one subspecies and two varieties (Table, 1 ). The taxa under investigation were identified according to (Bailey, 1949 and Short, 1994) andthe voucher specimens were kept in CAIA (Herbarium of Botany Department, Faculty of science. Ain Shams University)
Micro morphological investigation
Lamina of the studied taxa were prepared using hand microtome at 10-20 µm. Then were double stained using safranin and light green and mounted in Canada balsam according to (Johansen, 1940) then, examined using BEL: B103T-PL light microscope. Photomicrographs were taken using digital camera (Canon power-shot A720, 8.0 mega pixels), the magnification power was expressed by (x) at the Plant Taxonomy Research Laboratory, Botany Department, Faculty of Science, Ain Shams University, and Cairo, Egypt. The data of lamina anatomy were scored as binary code (0, 1). A dendrogram was constructed based on a distance using the Unweighted Pair Group Mean Arithmetic average (UPGMA).All calculations were performed with NTSYS-pc version 2.02 software package (Numerical Taxonomy System, Exeter Software) (Rohlf, 1990) .
Essential oils extraction
Fresh leaves of the examined taxa were submitted for 2 h to water-distillation using a Clevenger distillation apparatus (Clevenger-type) (Su et al., 2012) shown as following:
Gas-chromatography-mass spectrometry (GC-MS) analysis
Quantitative and qualitative analysis of the essential oil was done using a GC-MS (Model GC-2010 plus, SHIMAD24, Japan) at Faculty of Pharmacy, (ASU),Cairo, Egypt, equipped with a Rtx-5 MS(Cross bound 5% diphenyl/95% dimethyl polysiloxane capillary column (30 m × 0.25 mm i.d., film thickness 0.25 µm). For GC-MS detection, an electron ionization system with ionization energy of 70 eV used. Helium gas used as a carrier gas at a constant flow rate of 1 ml/min. Injector and mass transfer (Interface) line temperature were set at 250 and 280°C, respectively. Essential oils solution (1 µl) in hexane was injected and investigated with the column held initially at 45°C for 2 min and then increased to 300°C with a 5°C/min heating ramp and subsequently kept at 300°C for 5 min. The major components of oils recognized by National Institute of Standards 
Determination of the minimum inhibitory concentration (MIC)
The microbial suspension equivalent to the turbidity of 0.5 McFarlan (10 8 CFU/ml) standard was prepared from a fresh subculture of tested bacteria in Muller Hinton Broth (MHB) then this suspension was diluted to 10 6 CFU/ml. The adjusted microbial inoculum (100µl) were added to each 96-well flat-bottomed microtiter plate containing the tested concentration of tested samples (100µl/well). As a result, last inoculum concentration of 5×10 5 CFU/ml was obtained in each well. Three wells containing microbial suspension with no sample using Dimethylsulfoxid DMSO employed for dissolving the tested compound (Growth control) and two wells containing only media (background control) were included in this plate. Optical densities were measured after 24hours at 37°C using a multi-detection micro plate reader at The Regional Center for Mycology and Biotechnology (Sun Rise-Tecan, USA) at 600 nm. Ampicillin, Vancomycine and Gentamicin were used as standards for (Streptococcus pneumoniae, Staphylococcus aureus),
Methicillin-Resistant Staphylococcus aureus (MRSA) and
Pseudomonas aeruginosa, Escherichia coli and Klebsiella pneumoniae.
For the determination of MIC of tested samples by the micro-broth kinetic assay, the percentage of growth at each sample concentration was calculated with the following equation: [(OD600 of wells containing the sample/OD600 of the samplefree well) ×100] after subtraction of background ODs (ODs of microorganismfree wells) according to (Esma Gündüz et al., 2009) .
Results and discussion

Lamina anatomical characters
Lamina anatomical characters of the studied taxa (34 characters) are summarized in Table ( 
RadiallyTangentia -lly The anatomical difference among the studied taxa observe affinity between taxa and support the position of almost taxa under the specific tribes as cited by (Kostermans, 1957) . Moreover, there is a highlight on the lamina anatomy as suggested by many taxonomists. Hussin et al., (1992); Rudall (1994) claimed that the leaf anatomy play significant role in the systematics of certain families. Special structure of secretory cell, difference of number and distribution are useful in the differentiation among species by the presence or absence of secretory cell in phloem, midrib of the lamina, this result is confirmed in the present study. However, further studies are necessary to understand the structure of secretory cells.
Gas-chromatography-mass spectrometry (GC-MS) analysis
The essential oils of eight taxa were analyzed usingGC-MS chromatography. The detected compounds ranged from 41 to 65 compound (Table, 3 ). In the essential oil of Apollonias barbujana 53 compounds were identified. The main components viz.α-phellandrene (31.01%); butyl acetate (16.20%); trans-beta-ocimene (7.54%); pcymene (4.96%) or caryophyllene (4.96%). Forty eight components were identified in the essential oil of Cinnamomum camphora. Camphor was the main component in (59.22%) while butyl acetate (21.96%); cineole (20.49%); β-phellandrene (15.06%); isobutyl acetate (6.21%) or toluene (4.13%) were the dominant constituents in C. glanduliferum out of 41 compounds were identified. Forty eight components were identified in the essential oil of C. verum. The main component were butyl acetate (15.27%); cineol (20.12%); α-phellandrene (13.06 %); isobutyl acetate (5.65%) or camphor (5.14%).
Fifty one compounds were identified in Laurus azorica oil. The major constituents were cineol (29.30%), butyl acetate (17.91%) or α-terpinyl acetate (9.61%), while in Laurus nobilis 65 components were identified. The main components were cineol (29.32%); linalool (15.78); camphor (15.67%) and α-terpinyl acetate (7.11%). In Persea americana var. americanat he essential oil contains 49 compounds where estragol (81.32 %) was the main component, while in P. americana var. drymifolia 64 compounds were identified, butyl acetate (26.31%); α-terpinyl acetate (13.39%) and isobutyl acetate (7.53%) were the major constituents.
In laurel leaf oil, six major compounds were common in all of the studied taxa viz.butyl acetate; α-pinene; β-pinene; toluene; norbornane or cyclopentane ethyl.
Oils of the taxa under investigation were dominated by oxygenated and nonoxygenated monoterpenes as detected in (Brophy et al., 2001; Setzer et al., 2007; Takaku et al., 2007; Palazzo et al., 2009 drymifolia. These data are in harmony with the previous work of (Brophy et al., 2001; Setzer et al., 2007; Takaku et al., 2007; Palazzo et al., 2009) .
The variation in the essential oils components could be attributed to geographical origin, seasonal maturity, genetic variation, growth stages, part of plant utilized and postharvest drying and storage which may influence the essential oil composition (Marotti et al., 1994; Hussain et al., 2008; Anwar et al., 2009) . Furthermore, climatic factors such as heat and drought were also play role in essential oil profiles (Milos et al., 2001 ). In addition, pointed out that altitude seems to be another important environmental factor influencing the essential oil content and chemical composition.
Antibacterial activity
The laurel essential oils of the studied taxa were capable of inhibiting the growth of the tested bacteria viz. Streptococcus pneumoniae, Staphylococcus aureus (two strains), Escherichia coli and Klebsiella pneumoniae.
On the other hand, Pseudomonas aeruginosa was resistant to essential oil of the studied taxa. Similar results were indicated earlier for essential oils extracted from Cinnamomum verum (Trajano et al., 2010) , Larus azorica (Cosoveanu et al., 2013) , L. nobilis (Goudjil et al., 2015) , and Persea americana (Boadi et al., 2015) . The resistance of P. aeruginosa might be attributed to the frequent appearance of antibiotic resistant genes among P. aeruginosa which is always involved in hospital infection (Mann et al., 2000) .
Determination of MIC of tested plant oils
The minimum inhibitory concentration (MIC) is defined as the lowest concentration of an antimicrobial agent that will inhibit the visible growth of a microorganism after overnight incubation (appendix). Among all oils analyzed, in this work, the essential oil of Cinnamomum was the most effective as an antibacterial agent followed by Laurus.
The essential oil of Cinnamomum glanduliferum was the most efficient antibacterial agents used, as it inhibited five tested bacteria at low (minimum inhibitory) concentration. Although (Singh et al., 2013) reported that essential oil of C. glanduliferm leaves inhibited the growth of all tested bacteria, the concentration required to inhibit the growth was relatively higher than that recorded in this study.
The second most efficient oils of C. verum showed strong activity against the five tested bacteria. The least MIC recorded was against Staphylococcus aureus and Escherichia coli which were inhibited by 0.98 µg/ml. (Trajano et al., 2010) reported similar results were S. aureus and E.coli were inhibited by low concentration of essential oil from Cinnamomum verum.
The strong activity of oils from C. glanduliferm and C. verum is due to the presence of chemical compounds recognized for their antibacterial efficiency: cineole has been known to exhibit antibacterial activity against the bacterial strains of E. coli, Pseudomonas aeruginosa, Salmonella typhi, S. aureus, S. intermedius and Bacillus subtilis (Sivropoulou et al., 1997) . Cineole has anti-inflammatory, antimicrobial and antitumor properties (Santos and Rao, 2000; Hiroyuki Moteki et al., 2002) .
Although camphor is well known as antibacterial agent, its presence in high concentration (59.22%) in Cinnamomum camphora was not accompanied by strong antibacterial activity. C. camphora showed low activity against the five tested bacteria. Higher concentrations ranging from 31.25-125 µg/ml were required to inhibit the tested organisms. Similarly (Su et al., 2012) noted that higher concentrations of essential oil of C. camphora were required to inhibit the tested bacteria (Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa ). Earlier studies on the antibacterial effects of essential oils of C. camphora attributed the inhibitory effects of oils to chemical constituents that include limonene, β-phellandrene, α-phellandrene, γ-terpinene, B-caryophyllene and α-pinene (Koheil, 2000; Nirmal et al., 2005; Guibo et al., 2008) .
Laurus The antibacterial activity of both varieties of Persea americana were the same, they have antibacterial activity against only two bacteria (Klebsiella pneumoniae and Escherichia coli) with MIC 31.25 and 62.5% respectively. (Boadi et al., 2015) found that chloroform extract of Persea americana leaves inhibited Escherichia coli but had no activity against Staphylococcus aureus. The role of cineol in the antibacterial activity could be confirmed by the observation that Laurus azorica and L. nobilis which had high concentration of cineol, and had strong antibacterial activity. Similar conclusion was demonstrated by Derwich et al., (2009 ), Elharas et al., (2013 who detected that antimicrobial action of cineol can be attributed to its high level of mono oxygenated terpenes. . Cineole is also known for its antibacterial power to fight against several bacterial strains tested. Moreover, both varieties of Persea americana which had low concentration of cineol, had no activity against most tested bacterial strains. Apollonias barbujanas showed anti-bacterial activity against tested bacteria, this could be attributed to high concentration of α-phellandrene that was present in high concentration.
The action mechanism of oxygenated and hydrocarbon terpenes (eg. α-pinene, β-pinene, p-cymene, linalool and 4-terpineole) found in members belonging to Cinnammoum in different parts of world, is believed to be due to accumulation in the bacterial membrane which cause loss of membrane integrity, leakage of cytoplasmic content dissipation of proton motive force, cell lysis, and cell death (Sikkema et al., 1994) and (Gustafson et al., 1998) .
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